limited ecosystem s in the Santa Catalina Mountains of Arizona. Other data from this study showed associa tions between both LAI and NPP and a moisture stress index derived from phytosociological and climatic ob servations. We interpreted these data as indicating that, in primarily water-limited environments, NPP is at least as closely associated with LAI as it is with available moisture.
On forested sites where atmospheric evaporative demand during the growing season is greater than available water, trees must strike a balance between maximizing photosynthesis and maintaining a suitable internal water status. Increasing leaf area would in crease photosynthetic potential but at the cost o f in creased transpirational water loss. To a certain extent, trees can control water loss through physiological con trol of stomatal aperture (Running 1976; Kramer and Kozlowski 1960) . But stomatal closure restricts CO2 exchange and thus reduces production. Tissue water potential of established coniferous trees is apparently maintained at levels > -25 bars (Ritchie and Hinckley 1975) . At this point stomata of all studied conifers are continuously closed (Lopushinsky 1969) . We suspect that on sites where available soil water and stomatal control are insufficient to maintain internal water potential of trees above-2 5 bars, leaf area is kept in balance with evaporation through reduction of leaf area. Short-term adjustments of leaf area may re sult from a variety of factors including changes in nee dle morphology due to water stress (Richter 1974) or premature senescence and loss o f foliage due to high water stress (Kramer and Kozlowski 1960) . However, long-term adjustments o f leaf ^rea probably result from mortality of less competitive individuals.
There is good evidence that leaf area of forest com munities reaches a more or less steady state early in succession (Kira and Shidei 1967; Marks and Bormann 1972) . In this paper we suggest that the magnitude of steady state leaf area of mature conifer forests in the Pacific Nerthwest may be regulated by the balance between evaporative demand and water available to the stand during the growing season.
M e t h o d s
Leaf area was determined for study plots in each of the major vegetation zones crossed by a transect line between Lincoln City and Bend, Oregon (Fig. 1) . This line was chosen to cross the greatest number of vege tation zones of western central Oregon. Climate and vegetation of these zones is described by Franklin and Dyrness (1973); names of vegetation zones used in this paper generally follow their usage.
Four to 6 plots were established in stands in each of the major vegetation zones crossed by the transect. Six plots were established only in the heterogeneous vegetation zones at the eastern end of the transect. All plots in each zone were located within ±50 m of the average elevation of that zone. Elevations chosen for plots were felt to be the approximate average elevation for each vegetation zone at the latitude of the transect line. Vegetation zones in which plots were established are described in Table 1 .
With few exceptions (e.g., thQ Artem isia tridentata and P icea sitchensis zones) plots were located in 100-to 130-year-old stands; all plots were located on mesic sites within each zone. The age of Artem isia tridentata in plots containing this species was not determined. Plots were located in 35-to 40-year-old stands in the Picea sitchensis zone; older stands in this zone have their canopy biomass reduced by windstorm damage (Grier In press). Uneven-aged stands were used in the Pinus ponderosa and Juniperus occidentalis zones; these species typically occur in all-aged stands.
Plots were normally 0.25 ha but in the heteroge neous Pinus ponderosa and Juniperus occidentalis zones, they were 0.5 ha. Diameter and species of all trees on each plot was determined.
Leaf area for the forested plots was computed from regressions of leaf biomass on stem diameter and mea sured leaf dry weight to surface area conversions. Re gressions of leaf biomass on stem diameter for Tsuga heterophylla and Pseudotsuga menziesii are from Grier and Logan (In press). Leaf biomass regressions for A bies amabilis, A bies procera, Tsuga m ertensia na, and Pinus ponderosa are from previously unpub lished data of the senior author. These regressions were obtained using sampling procedures outlined by Grier and Waring (1974 
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. Leaf area of major vegetation zones of western
Oregon compared with average precipitation and elevation in these zones. Zones are arranged along a transect from coast {Picea sitchensis) to the interior plateau {Artemisia tri dentata). Leaf area is for all sides of leaves; values given are averages of 4-6 plots per zone. Coefficients of variation gen erally increased towards drier climates ranging from ~ ±4% in the P icea sitchensis zone to ~ ±30% in the highly variable Juniperus occidentalis zone. (Symbol for P. ponderosaPurshia in legend should be P-P not P- A.) Although not shown in Fig. 2, between- Leaf area obviously increases with increasing pre cipitation (Fig. 2) . However, the relatively wide dis persion about the regression lines (Fig. 3) indicates that factors regulating leaf area are more complex than a simple relation to annual precipitation. Leaf area ap parently has a finite upper limit; thus the idea of unlim ited linear expansion of leaf area with increasing pre cipitation is clearly unrealistic. One of the premises of this study was that, under optimum conditions, the upper limit for projected leaf area of conifer forests at this latitude was ===20 mVm^. Based on this premise, lower leaf areas would result from suboptimum condi tions. Gholz et al. (1976) Running (1976) has shown that stomatal response to water stress is relatively similar for P seudotsuga menziesii and Pinus pon derosa. Y oi P seudotsuga is the dominant conifer in many o f the more m esic climatic zones while Pinus pon derosa is common throughout drier zones. We recognize that physiological mechanisms serve as ad aptations to dry environments; drought deciduousness and Crassulaceae acid metabolism are examples of these. But stomatal control of transpiration in re sponse to water stress provides only a fairly narrow range of adaptation especially when compared to the wide range of site water balances found in coniferous forest environments.
The data in Fig. 4 are not sufficient for a rigorous test of our hypothesis; currently, data are limited by the number of sites at which open pan evaporation is measured. Moreover, the relation probably will not hold for ecosystem s (1) under severe nutrient defi ciency or gross nutrient imbalance such as in serpentine-derived soils; (2) in areas where mechanical damage by wind mortality or heavy snowfall has re duced canopy biomass; and (3) in areas where the combination o f short growing season and low tempera tures reduce productivity substantially {Abies amabilis and Tsuga mertensiana zones). Local differences in slope, aspect, and soil water storage will produce vari ation in the site water balance index, but leaf area should reflect these variations. U se of standardized evaporimeters (e.g.. Waring and Herman 1966) in a range of communities together with detailed measure ment of soil rooting zone water content should provide data for a rigorous test of the relation shown here.
Leaf area of coniferous forests may also correlate well with estimates of evapotranspiration or net radia tion. The advantage of estimating water balance over either of these measures is the ease with which it can be determined with simple instruments.
Our data suggest a direct relation between environ ment and community photosynthetic structure. Further, these data suggest that other indices of com munity water stress based on observed vegetation response (Whittaker and Neiring 1975; Waring 1969) actually show the effects of factors combined in this index. For conifers, the relations between the water balance index and leaf area may be largely independent of species. This independence indicates that while the ability to exert physiological control over water loss may be a principal factor in determining which species will contribute to community leaf area, the physical water balance dictates what that potential leaf area will be.
